Abstract. Identification of novel tumor-related antigens and autoantibodies will lead to early diagnosis of cancer and the development of more effective immunotherapies. The purpose of this study was to identify novel tumor antigens from the gastric cancer cell lines MkN-1, MkN-45 and KATOIII, and their related autoantibodies in sera of patients with gastric cancer using a proteomics-based approach. Proteins from the gastric cancer cell lines (MkN-1, MkN-45 and KATOIII) were separated by two-dimensional polyacrylamide gel electrophoresis, followed by Western blotting and antibody reaction with sera from patients with gastric cancer, healthy individuals and patients with other cancers. Positive spots were excised from Coomassie blue stained gels and analyzed by matrix-assisted laser desorption/ionization time-of-flight mass sprctrometry (MALDI-TOF/TOF MS). Sera from patients with gastric cancer yielded multiple spots, one of which was identified as the 78 kDa glucoseregulated protein (GRP78) by MALDI-TOF/TOF MS. Western blots against recombinant GRP78 showed reactivity in sera from 17/60 (28.3%) patients with gastric cancer and 0/20 (0.0%) of healthy individuals. Autoantibodies against GRP78 were found in 4/15 (26.7%) and 3/15 (20.0%) patients with esophageal and colon cancer, respectively. We identified for the first time an autoantibody against GRP78 in gastric cancer patients. The proteomic approach implemented in this study offers a powerful tool for identifying novel serum markers that may display clinical usefulness in cancer.
Introduction
Gastric cancer is one of the most frequent malignancies of the gastrointestinal tract in South East Asia and South America. In Japan, gastric cancer represents the second commonest malignancy in both men and women. Although the overall prognosis has improved in recent years because of improvements in diagnosis and treatment, outcomes from advanced disease is still poor with a 5-year survival rate of <20% in stage IV disease. Early detection can therefore lead to improved survival. Currently, the most reliable method of diagnosing gastric cancer is gastroscopic biopsy although this is an uncomfortable and invasive procedure for screening purposes. Tumor markers with high specificity and sensitivity are desirable for screening and early diagnosis of gastric cancer.
In the post-genomic era, the rapid evolution of proteomics research has opened new horizons because it promises to accelerate the discovery of new disease markers. In 2001, Brichory et al (1) introduced a proteomics-based approach to identify tumor antigens and related autoantibodies in cancer. So far, this method has revealed many novel autoantibodies in several malignancies. Autoantibodies against triosephosphate isomerase, superoxide dismutase, Annexin I and II and PGP 9.5 have been reported as useful markers in lung cancer (1, 2) . Autoantibodies against heat-shock protein 70 (HSP70), peroxiredoxin, Mn-SOD, DEAD (Asp-Glu-Ala-Asp) box polypeptide 3, eukaryotic translation elongation factor 2 (eEF2), apoptosis-inducing factor (AIE), heterogeneous nuclear ribonucleoprotein A2 (hnRNP A2), prostatic binding protein and triosephosphate isomerase (TIM) have been more frequent in patients with hepatocellular carcinoma (3, 4) . Similarly, autoantibodies against peroxiredoxin VI and HSP70 have been reported as potential diagnostic markers in esophageal squamous cell carcinoma (5, 6) . A number of autoantigens have also been reported in breast cancer using serological screening of tumor-derived cDNA expression libraries and phage display libraries (7) , although a proteomic approach was used to identify autoantibodies against an oncogenic protein RS/DJ-1 which has been reported as a potential diagnostic marker (8) . CEA (cercinoembryonic antigen) and CA19-9 are useful in gastric cancer, however, the lack of specificity and sensitivity of both these markers preclude their general clinical ONCOLOGY REPORTS 23: 949-956, 2010 Proteomics-based identification of a tumor-associated antigen and its corresponding autoantibody in gastric cancer In the present study, we have applied a proteomics-based approach to identify tumor antigens that induce a humoral immune response in patients with gastric cancer. Cellular proteins from gastric cancer cell lines were separated by 2-D electrophoresis, transferred onto polyvinylidene defluoride (PVDF) membranes and then sera from gastric cancer patients and controls were screened by Western blotting for antibodies that react against separated proteins. Proteins eliciting an immune reaction were isolated and subsequently identified by mass spectrometry. Using this methodology a number of tumor antigens were found to react more frequently with gastric cancer patient sera compared to controls. These identified biomarkers are interesting candidates for screening and early diagnosis of gastric cancer.
Materials and methods
Sera and cell lines. Sera and tumor tissues were obtained at the time of diagnosis after obtaining written informed consent. The experimental protocol was approved by the Institutional Review Board of Osaka Medical College. Sera were obtained from 60 patients with gastric cancer. Sera from 20 healthy individuals and from 30 patients with other cancers (esophageal cancer, n=15; colon cancer, n=15) were used as controls. Mean age of subjects who donated sera for this study was 69.1 years (range, 46-89 years). Gastric cancer was stage I in 27 patients, stage II in 3 patients, stage III in 21 patients, stage IV in 9 patients. The staging for each gastric cancer was evaluated according to the Japanese Classification of Gastric Carcinoma (13th Edition, by Japanese Gastric Cancer Association). Gastric cancer cell lines (MkN-1, MkN-45 and KATOIII) were obtained from Riken BioResource Center (Tsukuba, Japan) and characterized by the Short Tandem RepeatPolymerase Chain Reaction method at the institute. The cell lines (MkN-1, MkN-45, KATOIII) were cultured in RPMI-1640 supplemented with 10% fetal bovine serum (Nikken Cell Media, Kyoto, Japan). Cells were harvested in 300 μl of solubilization buffer (9 mol/l urea, 2% NP40, 2% ß-mercaptoethanol, 10 mmol/l phenylmethylsulfonyl fluoride) using a cell scraper and stored at -80˚C until use.
Tumor tissue samples. Gastric cancer tissue and paired adjacent normal gastric tissue were obtained during surgical resection from Osaka Medical College Hospital. After excision, sample pieces of tissue were frozen immediately at -80˚C and stored until use.
Two-dimensional polyacrylamide gel electrophoresis and
Western blotting. To detect autoantibodies against tumor antigens in sera from cancer patients, we followed the approach established by Brichory et al (1) . Proteins (30 μg) from a mixture of the cell lines (MkN-1, MkN-45 and KATOIII) solubilized from cultured cells underwent isoelectric focusing (IEF) gel electrophoresis (one-dimension electrophoresis) and were then subjected to SDS-PAGE (two-dimension electrophoresis). IEF was conducted with immobilized pH 3.0 to 10.0 non-linear gradient strips (GE Healthcare UK) at 500 V for 45 min, 1,000 V for 45 min followed by 5,000 V for an additional 90 min using Ettan IPGphor II (GE Healthcare UK). After this, the gel strips were equilibrated with 50 mmol/l Tris (pH 6.8) containing 10% glycerol, 2% SDS, 1% dithiothreitol (DTT) and bromophenol blue and then loaded onto two-dimensional gels. Separated proteins were transferred onto a Hybond P PVDF membrane (GE Healthcare UK) for 1 h at a constant voltage of 20 V using a Mini Trans-Blot system (Bio-Rad, Hercules, CA) or visualized by Coomassie Brilliant Blue staining. After transfer, PVDF membranes were incubated with blocking buffer consisting of PBS and 3% skimmed milk overnight at 4˚C, then washed with washing buffer (PBS/0.05% Tween-20) and incubated with diluted sera from patients with cancer and healthy subjects at 1:200 for 2 h at room temperature. After four washings, membranes were reacted with horseradish peroxidase-conjugated mouse antihuman immunoglobulin IgG (GE Healthcare UK) at 1:2000 dilution for 1 h at room temperature and then washed again. Immunodetection was performed using an enhanced chemiluminescence plus system (ECL plus, GE Healthcare UK) followed by autoradiography on Hyperfilm MP (Fujifilm Intelligent Dark Box LAS-3000 Luminoimage analyser, Japan).
In-gel enzyme digestion and protein identification by mass spectrometry. The two-dimensional gel was stained with Coomassie brilliant blue and pieces of gel corresponding to Western blot-positive spots were excised. Protein identification was done as previously reported (9) . To remove the Coomassie brilliant blue staining, gel pieces were alternately washed with 25 mM ammonium bicarbonate/50% acetonitrile and finally dehydrated with acetonitrile. These pieces were completely dehydrated in a Speedvac device at 45˚C. Reduction was then performed by incubating the gel pieces at 56˚C with 10 mM DTT in 25 mM ammonium bicarbonate for 45 min. Alkylation was performed by placing the pieces in a shaker with 55 mM iodoacetamide in 25 mM ammonium bicarbonate for 30 min at room temperature in the dark. Gel pieces were again alternately washed with 25 mM ammonium bicarbonate/50% acetnitrile and dehydrated as before, then immersed in 20 μl of L-(tosylamido-2-phenyl) ethyl chloromethyl ketonemodified trypsin (20 ng/μl; Promega, Madison, WI) on the shaker for 1 h at 4˚C. The excess trypsin was then discarded and the gel pieces were soaked in 25 mM ammonium bicarbonate at 37˚C overnight. Peptides were extracted by further shaking for 30 min followed by immersion in an ultrasonic bath for 3 min after which the supernatant was collected. The remaining gel was treated with 0.05% trifluoroacetic acid/25% acetonitrile and the supernatant collected after shaking, then finally with 0.05% trifluoroacetic acid/50% acetonitrile to complete the peptide extraction.
Extracts were then concentrated and desalted using a ZipTip μ-C18 (Millipore, Billerica, MA). Extracts were loaded onto the MALDI target plate sandwiched by a fine layer of matrix solution prepared freshly everyday by dissolving 0.3 g/ml of ·-cyano-4-hydroxycinnamic acid (Wako Purified Reagent, Kyoto, Japan) in acetone/ethanol (1:1, v/v). Measurements were taken using the Ultraflex MALDI-TOF/TOF mass spectrometer (Brucker Daltonics, Bremen, Germany) with an accelerating voltage of 20 kV. Laser wavelength was 337 nm and laser pulse frequency was 25 Hz. The peptide mass fingerprint was used for protein identification from the tryptic fragment size using the Mascot Search engine based on the SwissProt protein database. The presence of peptides with a probable match was further confirmed by calculating the amino acid sequence by MSMS fragment analysis.
Detection of autoantibodies against 78 kDa glucose-regulated protein (GRP78) in patient sera. Recombinant GRP78 was dot-blotted onto pieces of nitrocellulose membrane at 100 ng/ 2 μl after which the membranes were blocked with 5% skimmed milk for 1 h, washed with PBS Tween and incubated for 1 h with sera from patients with gastric cancer, esophageal cancer, colon cancer and healthy individuals diluted to 1:500. After further washings, the membranes were incubated with horseradish peroxidase-conjugated mouse anti-human immunoglobulin IgG (GE Healthcare UK) at 1:5000 dilution for 1 h and washed again. Immunodetection was performed again using an ECL plus followed by autoradiography on Hyperfilm MP.
Immunohistochemistry. Paraffin-embedded tissue sections were first deparaffinized with xylene and rehydrated with a graded ethanol series. Consecutively, the tissue sections were treated with 3% hydrogen peroxidase (5 min, room temperature) followed by incubation (4˚C, overnight) with the 1:50 diluted goat anti-GRP78 antibody (N-20; Santa Cruz Biotechnology, CA) in a humidified chamber. After washing, anti-Sheep/goat Ig affinity isolated HRP conjugated raised in donkey (Chemicon, Australia) were applied for 1 h at room temperature. Finally, 3,3'-diaminobenzidine was used for color development and hematoxylin was used for counterstaining.
RNA isolation. Total RNA was isolated from frozen tumor tissue by an acid guanidium-phenol-chloroform method using Isogen (Nippon Gene, Toyama, Japan). Isolated total RNA pellets were dissolved in RNase-free, diethylpyrocarbonatetreated water. For first-strand cDNA synthesis, 5 μg of total RNA, 1 μl of oligo (dT)18 primer, and 6.5 μl of Advantage RT-for-PCR kit (Clintech Laboratories, Palo Alto, CA), including 1 μl of dNTP mix, 4 μl of 5X reaction buffer and 0.5 μl of RNase inhibitor and 1 μl of reverse transcriptase (SuperScript II RNase H-Reverse Transcriptase, Invitrogen, Carlsbad, CA), were mixed to make a total volume of 20 μl. Reverse transcription reactions were incubated at 50˚C for 90 min. Finally, cDNA solution was diluted to a total volume of 100 μl.
Quantitative reverse transcription-PCR. Quantitative reverse transcription-PCR amplifications were done on a LightCycler quick system 330 (Roche Molecular Biochemicals, Mannheim, Germany). PCR conditions were initial denaturation at 95˚C for 15 min followed by 40 cycles of denaturation at 95˚C for 10 sec, annealing at 58˚C for GRP78 or at 63˚C for glucose-6-phosphate dehydrogenase (G6PD) for 10 sec and extension at 72˚C for 10 sec. A standard curve was generated using fluorescent data from serial dilutions of the plasmid including a single PCR product. Data for GRP78 were normalized according to data for G6PD. All primers and probes used in this study were designed by Nihon Gene Research Laboratories (Sendai, Japan). Sequences of forward and reverse primers for GRP78 were 5'-GGGTTAGGTGTGTGTTCA-3' and 5'-CCCACACACGAGTATCTAGTCT-3', respectively. Sequences of hybridization probes F and R for GRP78 were 5'-GGGTCATGTGCATCTGGTGTAGGAAGTTTTTTCT-3' and 5'-CCATAAGTGACACCAATAAATGTTTGTTATTT ACACTGGTC-3', respectively. Sequences of forward and reverse primer for G6PD were 5'-TGGACCTGACCTACGG CAACAGATA-3' and 5'-GCCCTCATACTGGAAACCC-3', respectively. Sequences of hybridization probes F and R for G6PD were 5'-TTTTCACCCCACTGCTGCACC-3' and 5'-GATTGAGCTGGAGAAGCCCAAGC-3', respectively.
Results
Autoantibodies against gastric cancer cell line proteins in sera from patients with gastric cancer. Proteins from a mixture of three gastric cancer cell lines (MkN-1, MkN-45 and KATOIII) were separated by two-dimensional PAGE and visualized by Coomassie staining (Fig. 1A) . To detect autoantibodies against proteins from gastric cancer cell lines, proteins were separated by two-dimensional PAGE and transferred onto PVDF membranes. Membranes were then incubated with sera from 10 patients with gastric cancer and 10 healthy control subjects. Each membrane was treated with one serum sample for the primary antibody reaction and then with horseradish peroxidase-conjugated mouse anti-human immunoglobulin as the secondary antibody reaction. Sera from patients with gastric cancer reacted as multiple spots (Fig. 1B) , whereas some reactive protein spots were observed in healthy controls and were considered as non-specific reactivity. One of reactive spots, with an approximate isoelectric point 5.0 and molecular weight of 80 kDa, was observed only in patients with gastric cancer (Fig. 1C) and not in healthy controls (Fig. 1D) .
Identification of the reactive protein as 78 kDa glucoseregulated protein (GRP78).
The reactive spot shown in Fig. 1 was excised from a Coomassie stained gel and peptides were extracted after in-gel enzyme digestion and analyzed using Ultraflex MALDI-TOF/TOF mass spectrometry. The acquired spectra were processed and searched against a Mascot Search engine based on the SwissProt protein databases (Fig. 2) . The protein was identified as 78 kDa glucose-regulated protein (GRP78), which comprises of 218 amino acids with a predicted molecular weight of 72.4 kDa and a theoretical isoelectric point of 4.9 (Fig. 1A) . Identification as GRP78 was confirmed by Western blotting using goat anti-GRP78 antibody (N-20; Santa Cruz Biotechnology) (Fig. 1E) .
Confirmation of antibodies against GRP78 in sera from patients with gastric cancer, patients with other cancers and healthy individuals by Western blotting.
To screen for antoantibodies against GRP78 in sera from patients with gastric cancer, other cancers (esophageal cancer and colon cancer) and from healthy individuals, Western blotting of recombinant GRP78 protein (100 ng) and immunoreactions with sera from 60 patients with gastric cancer, 30 patients with ONCOLOGY REPORTS 23: 949-956, 2010 other cancers (esophageal cancer, n=15; colon cancer, n=15) and 20 healthy individuals was performed (Table I) . Reactivity was demonstrated in 17 of 60 (28.3%) patients with gastric cancer (Fig. 3A) and 0 of 20 (0.0%) healthy individuals (Fig. 3B) . Autoantibodies against GRP78 were found in sera of 4 of 15 (26.7%) patients with esophageal cancer and 3 of 15 (20.0%) patients with colon cancer. In gastric cancer patients, reactivity was recognized for all stages of disease (25.9% in stage I, 33.3% in stage II, 28.6% in stage III and 33.3% in stage IV). There was no correlation between appearance of autoantibodies against GRP78 and disease stage.
Expression of GRP78 mRNA. To examine whether the immunogenicity of GRP78 in gastric cancer could be due to elevated transcription mechanism, tissue expression of GRP78 mRNA was compared between patients with and without autoantibodies against GRP78. To examine GRP78 mRNA expression in 18 tissue samples (with autoantibodies, n=7; without autoantibodies, n=11), real-time reverse transcription-PCR was done with expression levels of G6PD as an internal control. After normalization, the GRP78/G6PD ratio was calculated in each group.
The level of GRP78 mRNA expression tended to be higher in patients with autoantibodies than in patients without autoantibodies although the difference did not reach statistical significance (P=0.06) (data not shown). These findings suggest that overexpression of GRP78 contributes to immunogenicity.
Immunohistochemistry for GRP78. GRP78 expression levels in gastric cancer tissue and normal gastric mucosa were assessed by immunohistochemistry with goat anti-GRP78 antibody (N-20; Santa Cruz Biotechnology). In normal gastric mucosa, GRP78 positivity was occasionally observed in the deep propria glands, but not in the superficial epithelium ( Fig.  4A and B) . In gastric cancer tissue, GRP78 was expressed at high levels in the cytoplasm of cancer cells regardless of the depth from the surface or histological differentiation (Fig. 4C  and D) . Table I . GRP78 autoantibody in patients sera. 
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Discussion
We have implemented a proteomics-based approach to identify proteins that elicit a humoral response in gastric cancer patients. This approach allows screening by Western blotting of patient sera for antibodies that react against separated tumor cell proteins. In this study, we have focused on a search for autoantibodies against gastric cancer protein in the MkN-1, MkN-45 and KATOIII cell lines. Through this, we have identified 78 kDa glucose-regulated protein (GRP78) as a candidate antigen and recognized autoantibodies against GRP78 by Western blotting. A humoral response directed against GRP78 occurred in 28.3% of gastric cancer patients, 26.7% of esophageal cancer patients, 20.0% of colon cancer patients and in 0.0% of healthy individuals. In gastric cancer, the positivity for autoantibodies against GRP78 was 25.9% in stage I, 33.3% in stage II, 28.6% in stage III and 33.3% in stage IV. Autoantibodies against GRP78 occurred at similar rates in malignancies of the gastrointestinal tract, and in gastric cancer, positivity was observed regardless of disease stage. Hence, autoimmunity was found to have no correlation with tumor progression.
Discovered in the late 1970s (10) and also known as immunoglobulin heavy chain binding protein, GRP78 resides primarily within the endoplasmic reticulum of virtually all cells (11) (12) (13) . It shares 60% amino acid sequence homology with Heat Shock Protein 70 (HSP70) and is therefore considered a member of the HSP70 family of molecular chaperones (12, 13) . As a chaperone, GRP78 transiently associates with nascent polypeptides to facilitate folding and assembly and prevent deleterious aggregations (14) . Although GRP78 is constitutively expressed, its expression is enhanced up to 20-fold in cells under a variety of stressful conditions which interfere with protein glycosylation, folding, transport and calcium homeostasis (14, 15) . Because of poor vascularization, solid tumors usually contain regions undergoing glucose deprivation and hypoxia resulting in acidosis and alterations in cell metabolism (16) . The endoplasmic reticulum responds to these stresses by evoking specific signal transduction pathways that protect against stress-induced apoptosis. One pathway, designated as the unfolded protein response pathway, induces GRP78 as a result of accumulation of malfolded proteins in the endoplasmic reticulum (14, 17) . Investigations of GRP78 induction and function have revealed the mechanisms by which GRP78 facilitates survival of cancer cells.
Expression of GRP78 in malignant tissues has been reported frequently. High levels of expression have been found in a variety of malignancies including breast, lung, prostate and hepatocellular carcinoma, and more recently in gastric cancer (18) (19) (20) (21) (22) . It has also been suggested that GRP78 expression correlates with higher pathological grade, recurrence and poor prognosis, mainly through immunohistochemical and clinical studies (20, 23, 24) . In 2003, both overexpression of and autoantibodies against GRP78 in prostate cancer was first reported and correlated with poor prognosis and aggressive tumor behavior (25, 26) . In the present study, we discovered autoantibodies against GRP78 in gastric cancer using a protemics-based approach. Similar to other accounts in the literature (20, 23, 24) , we observed overexpression of GRP78 in the cytoplasm of gastric cancer cells compared to non-cancerous gastric epithelium by immunohistochemistry. We also assessed the correlation between the presence of autoantibodies and several histological factors including tumor grade, tumor depth, lymphatic and vascular invasion. Antibody positivity was present equally in all stages of gastric cancer and there were no significant differences in histological factors between antibody-positive and antibody-negative patients (data not shown). Therefore, no conclusions can be drawn about the mechanisms underlying the generation of immunity against GRP78 as antibodies seem to be generated regardless of tumor progression. These results suggest that the detection of autoantibodies against GRP78 may also be possible during the early stage of gastric cancer.
As previously reported, the presence of antibodies may be related to tumor behavior. On the other hand, to examine whether the immunogenicity of GRP78 in gastric cancer could be due to elevated transcription mechanism, expression levels of GRP78 mRNA in the tumor tissue was compared between patients with and without autoantibodies against GRP78. The level of GRP78 mRNA expression tended to be higher in patients with autoantibodies than in patients without autoantibodies (P=0.06) although the difference did not reach statistical significance. The mechanisms underlying immunogenicity is not entirely understood (27) . It has been suggested that the immunogenicity of tumor proteins may depend on the level of expression, post-translational modification, or other types of processing of the protein, the extent of which may vary among tumors of a similar type. Soussi (28) has shown that p53 antibodies are found predominantly in human cancer patients, and such antibodies are associated with p53 gene missense mutations and p53 accumulation in the tumor. As no significant difference in GRP78 expression was observed between autoantibody-positive and -negative patients in the present study, immunogenicity may in turn be due to a In early and advanced gastric cancer tissue, GRP78 was highly expressed in the cytoplasm of cancer cells, tumor grades were poorly differenciated adenocarcinoma and well differenciated adenocarcinoma, respectively. The expression of GRP78 was found regardless of the depth from the surface and histological differentiation (x100). mutation of the GRP78 gene instead of overexpression. Further examination is needed to consider the mechanism of the generation of GRP78 autoantibodies in gastric cancer, such as quantitative analysis of autoantibodies against GRP78 by ELISA or the identification of GRP78 gene missense mutations in gastric cancer patients.
Since its discovery, many researchers have reported that GRP78 facilitates tumor progression in malignant cells. GRP78 has anti-apoptotic functions in the stressed malignant cells and elucidating this will lead to the establishment of targeted anti-cancer therapies. Misra et al (29) reported the effects on p53 of down-regulating the function of cell surface-associated GRP78 by antibodies directed against the COOH-terminal domain of GRP78. The fundemental role of GRP78 in tumor promotion was first shown by inhibiting GRP78 induction in fibrosarcoma cells with antisense, which rendered them completely incapable of forming tumors in vivo (30) (31) (32) . Delivery of a suicide transgene driven by the GRP78 promoter into fibrosarcoma or breast tumor cells also completely blocks formation of sizable tumors in mice (30, 31) . The role of GRP78 in the progression of cancer is also apparent through the effects of targeting plasma membrane GRP78 levels in heterozygous mice impeding tumor progression through multiple mechanisms (33). Reddy et al (34) have reported that induction of GRP78 correlates with the resistance to topoisomerase-directed drugs such as etoposide and camptothecin by reducing apoptosis. These studies indicate that GRP78-associated signaling pathways are important in the regulation of apoptotic cell death and that GRP78 could be an attractive therapeutic target for solid tumors. In the present study, GRP78 immuno-reactivity was observed in sera from not only the gastric cancer patients but also esophageal and colon cancer patients at a similar rate. As with prostate cancer, studies investigating the role of GRP78 in malignancies of gastrointestinal tract are needed. Likewise, further knowledge about the role of GRP78 in cancer in general may lead to the development of anti-cancer treatments applicable to different types of cancers.
In conclusion, we have for the first time identified autoantibodies against GRP78 in sera from patients with gastric cancer. The detection of this humoral response may be useful not only as a tumor marker, but also to guide effective new immunotherapies. Further investigation is needed to evaluate the sensitivity and specificity of autoantibodies against GRP78 in large-scale validation studies and to consider the mechanism underlying the generation of immunity against GRP78 for gastric cancer. In addition, the roles of autoantibodies against GRP78 and the GRP78 protein itself in relation to the proliferation of tumor cells in gastric cancer needs to be explored further. As regards to the detection of novel antoantibodies, the proteomics-based approach that we implemented here offers a powerful tool to identify novel proteins that may display immunogenicity in cancer patients which may be of important clinical use in the future.
